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values for the roots of C. officinale. More important in the context of the 
underlying problem were the specific differences. The Ca content was much 
higher in the rosettes of C. officinale than in the rosettes or shoots of the 
other species, particularly in the 0.05 meq treatment, where the rosettes 
and roots of C. officinale contained 307 and 139 meq Ca/kg dry matter, 
respectively. The internal Ca concentrations of M. rubrum and II. per­
foratum lay below 73 meq/kg. Unlike the other species, the roots of H. 
perforatum contained more Ca than the shoots.
Conclusions
In these water cultures C. officinale took up more Ca than did the non- 
calcicoles M . rubrum and II. perforatum, this higher demand apparently 
resulting from the need to build up high internal Ca concentrations. The 
differences between C. officinale and M . rubrum are illustrative. The former 
showed deficiency symptoms -  together with reduced growth -  at a leaf 
concentration of 486 meq Ca/kg dry matter, the latter species grew 
vigorously despite a ten times lower leaf content of Ca. C. officinale shares 
this characteristic^ high Ca requirement with many calcicoles (Bur- 
strom 1968; Foy 1974). The low overall Ca content of the shoots of II. 
perforatum, which was also lower than tha t of its roots, may be explained 
by the presence of stem tissue in the samples. The stem and branches 
presumably contained little Ca.
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6.2. SOME REMARKS ON THE GERMINATION OF SIX PlailtacjO SPECIES
(C. W. P. M. Blom and J. van Heeswijk)
Germination tests with P. major ssp. major (L.), P . major ssip.pleiosperma 
(Pilger), P. lanceolata (L.), P. coronop)us (L.), P. maritima (L.), and P. media, 
(L.) were performed in the laboratory as part of a study on the effects of 
trampling and soil compaction on the occurrence of Plantago species (see 
Progress Reports 1972, 1973, 1974, 1975). The seeds of the first four of 
these species were collected on the Heveringen, a grassland in the dune area
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of Voorne; P. maritima seeds came from tlie Kwade Iiock, a beach plain on 
Goeree; and P. media seeds from the Gerendal, a chalk grassland in the 
southern part of The Netherlands (province of Zuid-Limburg). The seeds 
were stored at room temperature. The germination tests were carried out 
in light and dark in the greenhouse and in the growth cabinet. The seeds, 
which were placed 011 constantly wet filter paper, were considered to have 
germinated when the radicle emerged from the covering structures of the 
seed. The effects of the age of the seeds and of temperature on the germi­
nation were investigated. By way of illustration table 8 shows the highest 
percentages of germination according to the age of the seeds. These results 
were obtained in control tests carried out in the greenhouse (25° ±  5°C) 
between 1971 and 197G. Due to differences in light quality the percentages 
of (terminated seeds were somewhat lower for the growth cabinet than forO O
the greenhouse. Temperature appeared to be an important factor for the 
germination of P. media and even more so for the germination of P. major. 
The proportion of seeds of these species capable of germinating decreased 
strongly when the temperature fell below 20°C during imbibition. Sagar and 
Harper (1960, 1964) and Groot (1973) also observed inhibition of germi­
nation in these species at relatively low temperatures. Table 7 gives a 
survey of published germination experiments performed in Plantago 
species, with indication of the age of the seeds, the experimental conditions, 
and the highest percentages of germinated seeds. Most of these experiments 
were performed with fresh or young seeds, the results showing tha t darkness 
inhibited germination of relatively young seeds of P. major, P. media, P. 
maritima, and P. coronopus. Molgaard (1976) reported about germination 
experiments in the field under both light and shade conditions ; for P. major 
ssp. major as well as for P. major ssp. pleiopsperma 110 important differences 
between light and shade were found. Groot (1973) demonstrated tha t daily 
exposure to light for 5 to 12 hours only led to small differences in the 
germination of P. major. The results of our laboratory germination tests in 
light (Table S) were obtained under a regime of 16 hours of light and 8 hours 
of darkness; in the experiments performed in the dark the seeds were 
exposed to faint daylight for about 2 minutes a day. For purposes of com­
parison, germination tests in total darkness are in progress. There are in­
dications tha t the germination capacity of P. major ssp. major in total 
darkness increases when the seeds are more than two years old.
The percentages of germinated seeds in Table 8 are in general higher than 
the values mentioned in literature. These differences can be explained b}^  
the fact th a t germination experiments with Plantago are usually performed 
with relatively young seeds. As Table 8 shows, the germination capacity of 
young seeds is lower than tha t of two- or three-year-old seeds.
Seeds of the species under study can germinate 011 constantly wet filter 
paper if the following conditions are fulfilled:
-  P. major ssp. major and ssp. pleiosperma seeds older than one year
Table 7. Published results of germination experiments on some Plantago species
P. major ssp. major
age of 
seed
field month of 
sowing
green­
house
max. germinai 
light
Aon {%) 
dark
temp.
(°C)
time
(days)
author
X 2 15 Sagar &
fresh X 25 0 20 Harper
X 75 8 25 (1960,
X Nov. max. 10 170 1964)
fresh X 1 15 21
X 25 10 20 21 Groot
•
X 100 25 21 (1973)
4 months March * :jc * 03 ** 12
5 months April * * * 99 ** 5 Salisbury
fresh Oct. *** 91 ** 147 (1965)
Oct. 85 ** 149
X Dec. 87 75* Molgaard
fresh X April 70 (37* (1976)
X May 55 95*
P. major ssp. pleiosperma
X Dec. 55 55*
fresh X April 100 63* Molgaard
X May 60 80* (1976)
P . lanceolata
fresh X 50 15 Sagar &
X 38 55 20 Harper
X 36 43 25 (1960,
X May max. 35 1964)
X Nov. max. 35 365
P. corono pus
fresh ( ? ) X 90 34 25 9 9ém d m d Onyekwelu
(1972)
P. maritima
fresh ( ? ) X 25 0 9 14
X 55 0 14 14
X 90 0 18 14 Arnold
1 month X 89 0 18 14 (1973)
12 months X 85 0 18 14
P . media.
fresh X 28 15 Sagar &
X 84 7 20 Harper
X 87 7 25 (1960,
X Nov. max. 65 150 (1964)
* shade 
** fluctuating 
*** unheated glasshouse
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germinate ver}r well with 5-16 hours light a day and temperatures of 
20-28°C (peak germination under these conditions: 99%).
-  P. lanceolata seeds germinate slightly better in darkness (90%) than in 
light (80%); temperatures between 15 and 24°C.
-  P. coronopus seeds show the highest germination percentages in light 
(95%) at temperatures between 18 and 24°C.
-  P. mciritima seeds also germinate best in light (90%) at temperatures 
between 17 and 23°C.
-  P. media seeds show a preference for a light-dark regime comparable to 
tha t of P. major ; temperatures between 18 and 25°C (maximal germi­
nation under these conditions: 80%).
The moisture content of the soil proved to be a very important factor for 
the germination of Plantago species : P. major and P. media seeds are very 
susceptible to dryness of the soil, whereas P. coronopus and P. lanceolata; 
are able to germinate under relatively dry conditions (Blom, 1976).
Under low soil-moisture conditions the highest percentages of germinated 
seeds on sown plots in the dunes of Voorne were 24.5, 16.5, 5, and 2 for P. 
lanceolata, P. coronopus, P. major ssji. major, and P. media,, respectively. 
On wet soils all species showed a higher germination capacity; in the same 
sequence these percentages were 52, 95, 99.5, and 24.5.
In the field, the highest numbers of emerged seedlings of P. major and 
P. media can be found in spring. In this season the soil is relatively warm 
and wet. After ripening, the seeds of these species are able to germinate 
during the next spring. Most P. coronopus seeds germinate in spring and 
autumn, whereas newly emerged P. lanceolata seedlings can be found in all 
seasons except in winter.
I t  is remarkable th a t the upper parts of P. major died off in winter. The 
propagation of P. lanceolata and P. major often occurs hy  sprouting. 
Further studies on the demograph}^ of these species are in progress.
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Table 8. Highest germination percentages of Plantago seeds in laboratory tests*
age (in years)
1 ight dark * *
fresh 1 2 3 4 fresh 1 9 3 4
P . major ssp. major 17 ±  4.2 98 ±  2.5 94 ±  9.0 74 ±  5.6 ■ ■ ■ 0 70 ±  16.7 56 ±  21.7 63 ±  12.1 -------------
P. major ssp. pleiosperma ------------- 99 ±  3.1 ------------- ------------- ------------- ------------- 69 ±  5.1 ------------- —
P . lanceolata 52 ±  2.9 70 ±  3.5 84 ±  9.2 76 ±  8.5 84 ±  4.4 65 ±  12.3 95 ±  2.8 86 ±  9.7
00
•
-H
oo
94 db 2.7
P . coronopus 90 ±  6.1 93 ±  5.7 89 ±  8.8 84 ±  9.7 83 ±  6.2 42 ±  3.1 52 ±  6.7 74 ±  12.1 56 ±  11.8 39 ±  14.6
P. maritima ------------- ------------- 9 1 ±  2.7 — ------------- ------------- ------------- 63 ±  5.9 -------------
P . media 41 ±  7.5 83 ±  12.1 82 ±  12.3 78 ±  5.6 69 ±  9.5 2 ±  0.9 65 ±  15.5 74 ±  13.1 78 ±  6.9 -------------
* mean percentages d= S.E. of 10 x 100 seeds per species per year 
** with two minutes of light a day
-  no observations
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6.3. SYNECOLOGICAL RESEARCH ON THE DUNE SLACKS ON VOORNE;
a n a l y s i s  o f  v e g e t a t i o n a l  d a t a  (D. van d e r  Laan)
A more thorough and sophisticated analysis of the vegetational and 
environmental data collected in the wet dune slacks on the island of Yoorne, 
has been made possible by  the availability of computers, and a more 
quantitative analysis is in progress. This communication reports the results 
of a preliminary treatment of a considerable part of the available vege­
tational data. The data set analysed runs to 240 vegetation records of plots 
in dune slacks distributed over the dune area of Voorne. An agglomera- 
tive cluster analysis was performed using the Denclro program from the 
BIOPAT program system for biological pattern analysis (Hogeweg and 
Hesper, 1972).
The entire data set covers the total range of environmental variation 
present in these dune slacks, the biotopes ranging from very poor in 
organic matter to very humous and from rather dry to very wet, as well as 
from a low content of Cl~ ions to some degree of salinity. The results of the 
analysis are visualized in a dendrogram comj^osed of 20 clusters (Fig. 9). 
From an ecological point in view, these clusters seem to represent the 
optimally interpretable separation. In general, the clustering reflects the 
environmental variation occurring in the dune slacks. The organic-matter 
content, which is associated with the thickness of the A horizon, appears to 
be the most important factor for the division of the material, followed by 
the height of site relative to the water table and the content of Cl-  ions. 
This confirms the findings made in previous anatyses of Voorne dune-slack 
data (Kortekaas and Wubbels, 1973). Furthermore, the clusters correspond 
with the differences in the structure of the vegetation. These structural 
differences are partially related to the management of the slacks, particu- 
larly strong influences being mowing of the vegetation and the intensity of 
trampling. The geomorphological differences between the slacks, arising 
from their primary of secondary origin, is also reflected in the resulting 
classification. In the present elaboration of the data it is not clear whether 
the separation or the primary and secondary slacks is an independent 
phenomenon or coincides with such governing environmental factors as the 
organic matter content, the Cl - content, or the height of site relative to the 
water table. However, there are slight indications tha t the difference in 
ground water regime of these two types of dune slacks is a factor of im­
portance. This question m il be the subject of a more detailed study.
The interpretation of the dendrogram led to the following grouping:
A. Secondary dune slacks, low organic matter content, very }roung to 
young, low content of Cl“ ions.
A.a. local initiation of humus formation; young.
